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THE INFLUENCE OF WING SETTING ON THE WING LOAD AND ROTOR SPEED OF
A PCA-2 AUTOGIRO AS DETERMINED IN FLIGHT

By JOHN B. wmAmY

SUMMARY

~ight tests were made on a PCA4! autogiro wiih wing
8dtin.g8Of f?~”, 0.9°) and —0.6°. % W@ hd and
rotor speed were measured in 8teady gkka. The re8ult8
obtained 8how that a wide cariati.on in rotor speed a a
function of air speed can be obtairwd by a WLtiabl.eadjw+
ment of t?w wing 8etting; t~ by decrea-sing the wing 8et-
iing the upper 8afe$ying speed, determined lqJthe decrease
in rotor 8peed, i8 greatly in.meawd; and thd the interfer-
ence of the wing on the rotor thrust and lift me- h
negt?igibk The prediction of autogiro wing loadk i8
assisted by the data gioen in thti paper.

INTRODUCTION

During the flight teats on a PCA–2 autogiro (refer-
ences 1 and 2) it was found that at an air speed of
about 140 miles per hour the rotor speed decreased to
a vrdue (100 r. p. m.) that approached the lowest safe
operating condition. A restrictive limit upon the safe
diving speed of the machine was thus imposed and
flight at high airspeeds was made somewhat hazardous.
An examination of the previously obtained information
concerning the division of load between rotor and wing
(reference 2) disclosed that the rotor was carrying only
60 percent of the weight at high speed, the remainder
being cmried by the Lxed wing. This condition was
thought to bo the major cause of the decrease in rotor
speed.

Although the trend of the design of modern small
autogiros is toward the elimination of the fixed w@,
in larger sizes it will probably remain to support the
landing gear and possibly to increase the efhciency.
The wing load is not easily predicted because there are
no quantitative data on either rotor dowmvash or
rotor-wing interferenea. The effect9 of successive
changes in wing setting on the wing load and rotor
speed were therefore determined. The wing settiqg
was made adjustable on the ground by alterations in
the wing-root fittings, and pressure-distribution meas-
urements of the fired wing loads at ditlerent wing set-
tings were obtained in flight tests. The information
obtained in these tests should be of materkil use in the
prediction of the wing load and rotor speed of a given

design. This paper presents the results of the tests
conducted by the National Advisory Committee for
Aeronautics at Langley Field, Vs., in 1933 and 1934.

APPARATUS AND METHODS

The autogiro used in these tests was a standard Pit-
oairn PCA–2 (references 1 and 2) except that altera-
tions were made in the wing-root fittings so that the
angle of wing setting iw, measured with reference to a
plane perpendicular to the rotor axis, was adjustable
on the ground. The fittings were moditied in such a
manner that wing settings of 2.2°, 0.9°, and —0.50
could be obtained.

The required measurements in flight were obtained
by the standard N. A. C. A. photographic-recording
instruments. The wing normal force on one wing
panel was determined by pressure-distribution meas-
urements; the other panel loads were not measured
because in reference 2 it had been found that the two
wing panel loads were very nearly equal Dynamic
pressure was measured by an air-speed recorder conn-
ected to a swiveling pitotAatic head mounted on a
boom projecting ahead of the tied wing; recorded
values were corrected by calibrating the installation
against a trailing pitohstatic head suspended bemeath
the machine. Attitude az@e was recorded by a pendu-
lum-type inclinometer, changes in static pressure by a
recording statosc.ope, and rotor speed by visual obser-
vations of an electric tachometer driven by the rotor.
The air density for each run was determined by a
visual observation of the pressure altitude on an indi-
cating altimetar and by observing ground temperature
and assuming a temperature gradient of —30 1?. per
thousand feet of pressure altitude.

The flight kkts consisted of a series of steady glides
with the propeller stopped in a vertical position and
with the successive. wing settings of 2.2°, 0.9°, and
—0.5°. During these tests the rotor speed and wing
pressure distribution were measured; the rotor speed
was obtained from a time history of rotor revolutions.
As the data obtained on rotor speeds were inconsistent
with existing data (reference 2) on a wing setting of
3.6°, it was decided to obtain rotor speeds from visual
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observations of an electric tachometer connected to the
rotor and to use the rotor speeds so obtained in the
test datn instead of using the values obtained from the
rotor counter. Auxilisry tests were made at wing
settings of 2.2°, 0.9°, and —0.5° in which the ti-speed
head WQScalibrated against a trailing pitot-static head.
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FIauast 1.—EtTd of dng settbw on tie rotor @ of a PCA-2antcgfro as a
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RESULTS

Rotor speeds were corrected to a density of 0.00210
slug per cubic foot by the relation that the rotor speed
varies inversely with the square root of the relative
density. Figures 1 and 2 show the. rotor speeds, ob-
tained horn the electric tachometer, plotted against
indicntod air speed and tip-speed ratio, respectively.
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FIQOREL—Ef16dofwfng Mtlnh’ on tfm rotor SPA of a PCA-2rmtqlmasa
fonctfon of ttpfmed ratio.

The percmtagea of the total lift carried by the wing
at each wing setting are shown in figure 3 as functions of
the tip-speed ratio. W~ lift coefficient is plotted in
figure 4 for each wing setting. I?igge 5 shows the in-
dicated verticrd velocities as functions of the indicated
air speed. An effective angle of attack of the tied
wing, obtsined ns the quotient of the wing lift coeffi-

cient and the calculated ~U kft-curve slope, is plotted
in figure 6. The calculated lift-curve slope aw wcs
assumed to be the slope of a wing of the same aspect
ratio and section, arbitrarily reduced by 5 percent to
allow for wing-fuselage interference. The downwash
at the wing, which was assumed to be the difference
between the aqje of the wing to the undisturbed air
stream and this effective angle of attack, is shown in
figure 7. The rotor lift and thrust coefficients are
shown in figures 8 and 9, respectively, M functions of
the tip-speed ratio. The rotor forces wore calculated
on the assumption that the load on the rotor was the
total weight leas the amouqt carried by tho wing.

PRECISION

Accidental errors, as reflected in the dispersion of
the experimental points, have no serious influence on
the faired curves. The probable exporimentnl mror in
the fnired curves is estimated to be:
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Framm 8.–Change of dnglmrf of a PCA-2ant@o with wing setting.

DISCUSSION

The data obtained in these tests were intended to
supplement the information on wing lends contained
in reference 2. A comparison of the data showed,
however, that the wing load at a wing setting of 3.6°
(reference 2) was actually smaller at some tip-speed
ratios than the load obtained at a wing setting of 2.2°.
This discrepmcy can be partly explained by the differ-
ences in the teat procedure and in the condition of the
wing root. The tests in reference 2 were made with
an idling propeller and with the wing root in its original
condition; whereas the teats here reported were made
with a stopped propeller, and with the wing root altered
to permit the chango in wing setting by the addition of
a small fairirg that slid up and down the side of the
fuselage. The discrepancy in the wing-load results
could have been caused by these two tests differences,
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sinco tho form of the w&u root and the air-flow con-
ditions at thnt point me critical factors insofar as the
wing lift coefficient is concerned.

TIIe influence of w@ setting upon rotor speed is
clearly illustrated in figures 1 and 2. .4 change in the
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Ftautm 4.-In fluancaofwing catting ontbo wing lift cmtTdent ofa PCA-2autcgfro.

wing setting from 2.2° to —0.5° resulted in a change in
the rotor speed at 130 miles per hour from 120 r. p. m.
to 155 r. p. m.; by extrapolation of the curves shown in
figure 1 it crm be seen that at –0.5° wing setting the
rotor speed will be greater than 100r. p. m. at 180 miles
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FIOWBE5.—Vartlcalwkfty of a PCA-2 autcglro in a tidy glfde as ofkted by
Mngeettlng.

pm hour. The value of 100 r. p. m. is assumed from
experience to be the lowest safe operating speed.

A comparison of figure 3 with figure 2 establishes
the correlation between wing load and rotor speed;
successive decrements of the wing load m-eshown to
correspond to successive and approximately propor-
tional incremmt.: in the rotor speed.

The wing liftcoe.i%cientC~wshown in fiawe 4 varies
in the expected manner with wing setting. The low
values of maximum CLUfor &=0.9° and —0.5° are

FIGURE6.—EffwtIre wing fmgk ofattac&of a PCA-2 autogirn.

thought unimportant. The angle of attack changes
rapidly in the range where the maximum CL. occurs,
and the number of points obtained in this range was

~p-speed ratio, p

FIGUIIE 7.—Rotordownmsh angka at wtng of a PCA-2 antogfro.

probably insnfiicient definitely to determine the
maximum lift in each condition.

Figure 6 discloses that the measurements of vertical
velocity by the recording statoscope are, unfortunately,

FxouaE &-ThrMt cmlllelant ofa PCA-2antc@ra rotorasafkcted by wing setting.

not sufficiently accurate to indicate the changas in per-
formance caused by changing the wing setting. The
wing would be expected to carry its load moro S&
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ciently than the rotor; consequently the performance
of the autogiro should be affected adversely by shifting
load from the wing to the rotor. This effect is, however,
apparently smaller than the dispersion of the points
on the vertical velocity curves and therefore cannot
be evaluated.

The angles of attack of the wing shown in figure 6
are not entirely consistent with the changes in wing
sett~~. The discrepancies are, however, small enough
to be considered part of the experimental error, so
that the results of the figure support the hypothesis

TIP-spe6d mfia P
FIamE Q–Lift WeCkiant of 8 POA-2 mtc?im Mk 8S afkcted bY - .Wttk

that the change in the wing angle of attack is equal to
the change in wing setting.

In order that the results of these tests should be of
general use, the rotor dowmvash angles have been cal-
culated and are shown in figure 7. Identical curves
should have been obtained for the three wing settings
since the rotor lift coefficient at a given tip-speed
ratio appears not h have been aifected by the ihed
wing. Results for the wing setting of 2.2°, however,
are not in accord with those for the other two settings
and are inconsistent in that they show n decreasing
dowmvash angle with decreasing p (increasing rotor
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lift coefficient) over a portion of the range covered,
The correct curve is probably a weightid mean of the
three curves shown.

l’igges 8 and 9 are considered of interest because
they establish the fact that the wing has, over a wide
range, a negligible interference effect on the rotor within
the limits of experimental error. It also appema that
the scale of the rotor, considered proportional to the
product of its tip speed and predominating chord, is
large enough so that an increase in the scale of 36 per-
cent (a change in iV,’ from 118 r. p.m. to 155 r. p. m.)
has no appreciable influence on its lift and thrust
coefficients.

CONCLUSIONS

1. A wide variation of rotor speed as a function of
air speed may be obtained by suitable adjustments of
the wing setting.

2. It is possible by a suitable adjustment of the wing
setting to increase the air speed at which the rotor
speed of the PCA–2 autogiro becomes dangerously low
(lessthan 100 r. p. m.) from 140miles per hour to about
180 miles per hour.

3. The interference of the wing on the autogiro rotor
is ne@gible insofar as the thrust and lift coefficients
are concerned.

NATIONALADmsoRY Co~“EE FOR AERONAUTICS,
LANGLEYMEMORIALAERONAUWCALLABORATORY,

LANGLEYI?IELD,VA., December28,19$4.
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